P ain, paresthesia, and abnormal skin sensation on the lateral side of the thigh result from pathology of different origins in the course of spinal nerves L2 and L3 to the lateral femoral cutaneous nerve (LFCN). The clinical diagnosis of idiopathic meralgia paresthetica (iMP) is made when a herniated lumbar disc or a pelvic tumor is excluded and the symptoms are not caused by trauma or surgical intervention. In the 1960s, it became generally accepted that the cause of iMP is compression of the LFCN in its location beneath the lateral portion of the inguinal ligament at the site of the anterior superior iliac spine (ASIS).
thigh; 26 3) a small portion of the fibrous origin of the internal abdominal oblique muscle; 27 and 4) a slot in the crest of the ilium posterior to the ASIS. 28 Other techniques are medial transposition of the LFCN 17 and minimally invasive neurolysis. 8 Textbooks and handbooks usually provide fairly superficial information regarding the technique of decompression. 6, 7, 16, 20, 22, 24, 25, 30, 37, 42 Many articles have reported the results of LFCN decompression. In the latest Cochrane review on treatment for iMP, 23 only 9 articles were considered of high quality and were included. 2, 13, 15, 29, 31, 33, 38, 41, 44 For unclear reasons, 2 studies that actually met the criteria were not used. 4, 39 Unfortunately, 6 2,13,15,31,33,41 of these 11 2, 4, 13, 15, 29, 31, 33, 38, 39, 41, 44 papers could not be used to determine the relationship of the decompression technique and its outcome for the following reasons. First, patients with idiopathic as well as symptomatic MP were grouped. 2, 13 It is known that the etiology underlying MP symptoms affects the outcome of decompression. 4 Second, revision decompression or neurectomy was performed following failed decompression, but was scored as one treatment. 33 Third, results of decompression or neurectomy were pooled. 41 Fourth, nerves originating from the femoral nerve were decompressed, 41 which makes it unlikely that these nerves were the LFCN. 43 Fifth, patients were children 15 or concerned only those with symptomatic MP. 31 The 5 remaining papers comprise well-delineated groups. Pain relief was obtained in 30% to 82% of the patients. 4, 29, 38, 39, 44 Unfortunately, only 3 of these 5 articles included details regarding the surgical technique performed and were thus eligible for relating technique to outcome. 4, 38, 39 Benezis et al. performed ventral decompression of the LFCN by opening the fascia lata and by sectioning the inguinal ligament. Complete pain relief was obtained in 64% of the patients. 4 Siu and Chandran and Son et al. additionally addressed 3 structures dorsal to the LFCN, namely a posterior sling of fascia from the inguinal ligament, the tendinous arc from the iliac fascia, and the distal deep fascia of the thigh. Complete relief was achieved in 73% and 82% of the patients, respectively. 38, 39 Recently, the effect on outcome of implementing technical modifications was published. 17 The number of patients per group was small and follow-up incomplete, making a meaningful interpretation impossible. However, the applied surgical modifications 17 mirror the trend in time. 4, 38, 39 Initially, only ventral decompression was performed, and later dorsal decompression was added. Better outcomes were obtained with more extensive decompression.
The large variation in the reported outcome of LFCN decompression for iMP is striking. 4, 29, 38, 39, 44 This might be explained not only by inclusion bias, but also by the applied surgical technique. In any case, so far all decompressions have been done supine with the leg neutral. Our technique of nerve decompression differs in this aspect. As a routine, we always check whether compression of the nerve occurs in the dynamics of movement.
More specifically, in decompressing the LFCN to treat iMP, we include moving the thigh. Structures that cause compression in flexion, extension, and abduction are precisely identified and cut as well. We call this technique dynamic decompression. To our knowledge, this technique has not been described before. Here, we describe our technique in detail and present the results.
Methods

Patient Population
We performed a retrospective cohort study in a consecutive case series of patients who underwent dynamic LFCN decompression to treat iMP in the period between June 2013 and December 2017.
The indication for surgery was the presence in the LCFN area of 1) persistent, annoying pain and/or paresthesia; and 2) abnormal sensation of the skin (hypesthesia, dysesthesia, hyperesthesia, allodynia, or hyperalgesia). Patients had been previously treated elsewhere, but their symptoms were refractory to conservative measures, local injection containing steroids and anesthetic, or, occasionally, PRF.
Patients were excluded if they had prior LFCN surgery. All patients were tested for symptomatic MP based on neuropathy due to prolonged external compression, traumatic lesion in the area of the ASIS, an L2 or L3 radiculopathy, a lumbar plexopathy, a femoral neuropathy, a lower abdominal wall procedure, or an iliac bone graft harvest. All patients had ultrasound and/or MRI examinations to rule out a retroperitoneal or intrapelvic mass. Additional exclusion criteria were age ≤ 18 years or inability to communicate in Dutch.
Seventeen patients (12 women) met these criteria (Table  1) . In 2 patients, the LFCN was decompressed bilaterally in separate sessions after full recovery of the first operation, amounting to 19 cases.
The mean age of the patients at surgery was 50 years (SD 8, range 27-61, and median 54 years). The mean interval between onset of symptoms and operation was 61 months (SD 70, range 9-223, and median 23 months). The mean follow-up was 27 months (SD 18, range 5-58, and median 25 months). ). The primary goal of decompression was complete relief of the pain and/or paresthesia in the LFCN area. The second aim was recovery of sensation.
Patients were sent a letter containing background information and to request permission for a phone interview about the status of the preoperatively collected variables regarding 1) pain and paresthesia and 2) skin sensation. An experienced neurologist who was not involved in the treatment used a semistructured interview by asking sim- ple and reproducible questions and using a 4-point scale (completely resolved, improved, not changed, or worsened). If not completely resolved, patients were additionally asked to score the remaining pain, paresthesia, and sensory deficit as a percentage of the preoperative level. In addition, patients were asked whether they were satisfied with the outcome of surgery (yes, no, or partially). 1 Patients were given the opportunity to refrain from participation by returning an answer sheet by email or telephone. All patients provided informed consent and were willing to participate.
Statistical assessment was done using ANOVA to assess the association between postoperative pain and sensation and duration of preoperative symptoms, BMI, and length of follow-up. Significance was set at p ≤ 0.05. R (version 3.3.3, R Foundation for Statistical Computing, R Core Team 2017) was used.
This study was performed with approval of the medical ethics committee of the LUMC.
Surgical Technique for Dynamic LFCN Decompression
All procedures were performed by a single nerve surgeon (M.J.A.M.). The surgery was performed on the ipsilateral side using loupe magnification. The operation was performed under general anesthesia on an outpatient basis. Patients were positioned supine on the operating table with the affected side close to the edge. In obese patients, the belly overlying the surgical area was shifted craniomedially and fixed with elastic adhesive tape. Sterile draping was performed such that the thigh at the affected side could be freely moved in full range of flexion and abduction/extension during the surgery (Fig. 1 ).
An incision of approximately 7 cm was made in the skin line centered over the ASIS running parallel to and over the inferior lateral extent of the inguinal ligament. The subcutaneous fat was divided down to the fascia lata, the lateral part of the inguinal ligament, and distal part of the fascia of the abdominal wall musculature. The LFCN was identified underneath the fascia lata caudal to the attachment of the inguinal ligament to the ASIS (Fig. 1A) . The attachment of the fascia lata to the inguinal ligament was opened from distal to proximal. The inferior part of the inguinal ligament was cut. Occasionally, arcuate fibers of the inguinal ligament were present, forming a slip medial and lateral to the LFCN. If present, the slip was cut medial to the LFCN (Fig. 1B) . At this stage of the surgery, a dorsal-to-ventral angulation of the LFCN was seen as it emerges from the pelvis. Here, it runs over a firm fibrous band at the level medial to the ASIS. This band is formed by the fascia and musculotendinous origin of the sartorius muscle (Fig. 1C) . Dorsal decompression was performed by cutting the fascia of the sartorius muscle at the level of the angulation (Fig. 2) .
Subsequently, dynamic testing was performed. To assess whether complete ventral decompression was obtained, the thigh was brought in complete flexion and abduction, and the space ventral to the LFCN was palpated with the top of the index finger (Fig. 3 left) . If fibers compressed the LFCN, they were additionally cut until it was adequately freed.
Thereafter, the thigh was brought in full range of extension and abduction to assess whether dorsal compression of the LFCN still occurred. The leg was thereby positioned next to and below the level of the operating table (Fig. 3  right) . During extension, we observed the movement of the LFCN and assessed the tissue pressure dorsal to the LFCN 
FIG. 3.
Dynamic testing of decompression of the LFCN. Left: Dynamic testing to assess whether the ventral decompression was sufficiently performed by palpating close to the LFCN with the top of the index finger. When the thigh was flexed, ample space was usually present between the LFCN and the remaining inguinal ligament, and the distal fascia lata did not cause any compression. If ventral fibers still compressed the LFCN, they were additionally cut until the LFCN was adequately freed. Right: The thigh was brought in extension/abduction next to and below the level of the operating table. The LFCN was gradually pushed anteriorly during the process of gentle extension and the angulation became more pronounced. The pressure exerted by the plane dorsal to the LFCN increased and caused compression at varying locations caused by tightening of fibers. These could be fibers of the musculotendinous origin of the sartorius at the level of the ASIS, iliac fascia proximal to the ASIS, or the lateral aspect of the fascia of the sartorius muscle distal to the ASIS. Copyright Martijn J. A. Malessy. Published with permission.
with the top of the index finger due to tightening of the fibers dorsal to the LFCN.
Compression was present if 1) the LFCN shifted anteriorly; 2) the angulation became more pronounced; and 3) a high pressure of the tissue in the plane dorsal to the LFCN was palpable (Fig. 3 right) . The compression-causing fibers were then cut (Fig. 4 left) . Complete dorsal decompression was considered to have been obtained if, in full range of extension and abduction, a posterior shift of the LFCN was observed, the angulation was neutralized, and the tissue dorsal to the LFCN felt soft (Fig. 4 right) . The LFCN was then released and left in situ without any additional fixation. Internal neurolysis was not performed. A (vacuum) drain was not used. After surgery, same-day mobilization of the patient was encouraged to ensure sliding of the nerve.
Results
All patients underwent further decompression by cutting compression-causing fibers dorsal to the LFCN that were identified with dynamic movement. In 17 of the 19 cases (89%), the pain and/or paresthesia completely resolved. The patients in the remaining 2 cases (11%) experienced pain reduction of 70% and 80% (Table 2) . Sensation completely recovered in 13 of the 19 cases (69%) and improved in 5 of the 19 cases (26%). In these 5 patients, an area of hypesthesia remained, but none of the patients experienced any dysesthesia, hyperesthesia, allodynia, or hyperalgesia. Four of the 5 cases indicated a sensory improvement of more than 75%, and 1 had 50% improvement. Sensation remained unchanged in 1 case (5%) with persisting hypesthesia and mild hyperesthesia. All of the patients showed improvement in carrying out daily activities, and all were satisfied with the surgery.
There was no significant impact of duration of preoperative symptoms, BMI, and length of follow-up on postoperative outcome. All p values were well above 0.05.
We consistently found either type I or II anatomy of the LFCN 43 during surgery. LFCN shifting in the frontal plane from lateral to medial or over the ASIS was not observed during dynamic testing. Surgical time did not exceed 1.5 hours. Postoperatively, there was 1 complication, temporary seroma development that did not require further intervention.
Discussion
Idiopathic MP may cause annoying pain, paresthesia, and abnormal sensation in the area of the LFCN. These complaints may affect daily activities and sleep to such an extent that treatment is indicated. Usually, conservative measures and local infiltration are tried first. Surgery is considered if an adequate response is not obtained.
We performed dynamic decompression of the LFCN, after which the vast majority of patients became completely pain free, with the remaining patients experiencing considerable pain reduction (Table 2) .
In addition, sensation in the LFCN skin area completely recovered in more than two-thirds of the cases, and good improvement occurred in the remaining cases. Preexisting annoying dysesthesia, hyperesthesia, allodynia, or hyperalgesia, if any, disappeared in all patients. All patients were satisfied and frequently spontaneously expressed their enthusiasm about the outcome of the surgery. The outcomes of our patients are better than those published to date in which pain relief was obtained in 30% to 82% of the patients. Comparing our results with those of others turns out to be difficult because few studies are suitable for comparison. 4, 38, 39 Our technique differs from those described so far in that we address the LFCN in a dynamic fashion. During surgery, we assess whether the LFCN is sufficiently decompressed in the full range of motion of the thigh (Figs. 1-6 ). In one study, the plane ventral to the LFCN was sectioned, and good results were achieved in 64% of the patients. 4 In the other two studies, the plane dorsal to the LFCN was additionally cut. Complete pain relief was thereby obtained in 73% and 82% of patients. 38, 39 By moving the leg in extension and abduction, we observed that fibers located dorsal to the LFCN tighten and cause compression. It might seem that decompression performed with the leg in a neutral position was adequately performed, but then the compressing effect of tightening of fibers is missed. Cutting these fibers (Fig. 6) likely is the distinctive factor that positively distinguishes our results from those of others. It is simple to achieve and should, therefore, not be left undone. Moreover, it did not lead to complaints in the surgical area. To exactly determine to what extent dynamic decompression has contributed to the good results, a study must be performed in which 2 surgical procedures are prospectively randomized with blinding of both the patient and the outcome assessor. One surgical procedure should then be the classic static fashion 38, 39 and the other the dynamic decompression.
Deducing the etiology of iMP from the extent to which decompression was performed and subsequently the results, one might conclude that not only the ventral plane 4 plays a role in the compression of the LFCN, but the dorsal plane as well. 38, 39 Our study further adds to the understanding of the etiology in that the dorsal plane plays a role in the dynamics of the compression. Postural variations in MP have been attributed to "the pincer" formed by 2 bands of Poupart's ligament. 26 It was Stookey in 1928, however, who noted the marked angulation of the LCFN as it emerged from the pelvis medial to the anterior spine (Fig. 5) and its significance in the dynamic pathophysiology of iMP. 40 He wrote, "The nerve at this point forms an abrupt angle which is considerably increased by extension and lessened by flexion of the thigh. The cause of iMP is the abnormal sharp angulation of the LFCN as it leaves the pelvis with continuous trauma to the nerve in movements of the thigh, especially in standing and walking." These observations, however, did not lead him to decompress the nerve and neutralize the angulation. Instead, he sectioned the nerve at the exit from the pelvis.
Thus, our technique is a translation of Stookey's observation into actual surgical handling. We support his opinion regarding the dynamic contribution of the plane dorsal to the LFCN in the etiology of idiopathic MP because of 1) our intraoperative observation of increasing dorsal compression of the LFCN during retroflexion by stiffening of a dorsal fibrous band and 2) the good results obtained if dorsal dynamic decompression in extension is completed. Actually, the LFCN thereby shifts from ventral to dorsal. Surgical transposition for decompression of the LFCN in the frontal plane has been proposed. 14, 17, 21, 22, 28 First, the LFCN was transposed from medial to lateral. 28 Later, it was found more logical to transpose the nerve from lateral to medial. 14, 17, 21, 22 Intraoperatively, we did not observe shift- ing of the LFCN in the frontal plane during movement after dynamic decompression. Notably, riding over the ASIS did not occur, and therefore there is no rationale for medial transposition. Medial fixation with a stitch 19 might even be contraindicated.
Surgical technique is not the only factor that affects outcome. Duration of symptoms, obesity, and anatomical variations also affect outcome, making it difficult to compare outcomes. In our series, the mean interval between onset and surgery was approximately 5 years. We did not find an association between duration of symptoms, postoperative pain relief, and recovery of sensation. It is remarkable that even after an interval of many years pain completely disappeared and sensation returned to normal. Others found significantly better results if decompression was performed within 6 months of the first complaints 4 Histopathological examination of LFCN biopsies under the area of compression showed reduced myelinated nerve fiber density.
5 Such changes are likely associated with positive sensory phenomena such as pain and paresthesia found in entrapment neuropathy. 36 Obviously, we could not study potential histopathological nerve changes in our patients. However, we observed focal indentation of the LFCN befitting compression, as well as distinct epineurial hypervascularization. It seems reasonable to postulate that pathologic changes were present in the LFCN of some of our patients. In view of the beneficial effect of surgery, these must have been largely reversible. In view of the prompt postoperative pain reduction, myelination was likely not the underlying recovery process, which would have taken longer to complete.
Obesity was found to be significantly associated with a worse long-term outcome. 38 We and others 4 did not find this association. Obesity has also been suggested as a factor indirectly related to LFCN compression. It was postulated that the weight of the abdominal fat causes lowering of the inguinal ligament. 12 In view of the dynamics of compression, this might not be the only causality. We postulate that obese people might develop a relatively bulky iliac muscle to bear body weight that in turn contributes to the development of dorsal LFCN compression. This mechanism might also play a role in slim individuals who subject themselves to a rigorous training schedule. In broader terms, iMP may be the result of imperfect evolution. Initially, while walking on all fours, the angulation of the LFCN did not compromise the nerve. By standing up and walking bipedally, the LFCN course shifted to the outside of a pivot, thereby becoming susceptible for compression. Analog to these changes, there is a resemblance with the compression of the ulnar nerve at the level of the cubital tunnel.
Anatomical variations of the LFCN 43 may account for failure of decompression and differences in reported outcome. Seven different types of exit of the LFCN from the pelvis were described. Quantitatively, only types I and II are relevant, comprising more than 90% of the anatomy. In both of these types, the LFCN exits the pelvis medial to the ASIS and under or through the inguinal ligament where the decompression is performed. 43 Anatomical variations have been found by others during surgery, 4 but the more common type I and II courses of the LFCN, as we consistently found, were typically prone to compression. 1 We do not feel the urge to use the suprainguinal retroperitoneal approach, which was developed for more easy identification of the LFCN. 1 In view of the recent developments in the area of ultrasound, the advantage of this approach seems limited. In addition, it might be more difficult to obtain adequate dorsal decompression via this approach.
For quite some time there has been an ongoing discussion whether the LFCN should be decompressed or cut to relieve symptoms of iMP. 11, 18 This study shows that good results can be obtained with decompression in the vast majority of patients, provided that a proper surgical technique is mastered. In a direct comparison of nonrandomized patients, only 37% of patients had pain relief following decompression. 10 Subsequently, these substandard results were used to propagate neurectomy. Only a randomized controlled trial (RCT) can address which technique should become standard: decompression or neurectomy. 35 Results of such an RCT can only be taken seriously if 80%-90% of patients are pain free in the decompression group. We consider sensation as an important outcome measure as well. Following neurectomy sensation is completely lost, but after decompression it can substantially recover. In view of our results, it may be clear that we do not see the need for an RCT. There is no rationale for cutting a nerve in a compression syndrome if adequate surgical decompression provides good symptom relief. Last but not least, the consequences of neurectomy can be devastating, however infrequently it may occur. Birch et al. unavailingly sought to relieve intractable pain in 4 patients after sectioning of the LFCN elsewhere. 6 Additionally, annoying numbness may develop, which cannot be neglected as a negative side effect of neurectomy. 24, 25, 37, 42 The current treatment algorithm for iMP recommends a step-by-step approach if conservative measures fail. The steps consist of local infiltration with steroids and anesthetics, followed by PRF and then spinal cord stimulation. 34 The scientific base of the algorithm is small. Data on the use of PRF for iMP are lacking, and thus the efficacy is unknown. 9 Reports on spinal cord stimulation for iMP are rare. 3 The role assigned to surgery in the algorithm is negligible. Based on our results and those of others, 38,39 the role of surgical decompression in treating patients with iMP needs to be revised. We feel that patients who do not respond to conservative measures and local infiltration should be promptly referred for decompression, preferably within 6 months of onset. Decompression, if mastered well, is not a burdensome surgical procedure.
The strengths of this study are as follows. 1) A relatively large consecutive case series of patients exclusively with iMP were treated by a single surgeon. 2) New insights of surgical decompression were described and illustrated in detail, allowing proper interpretation of the results and future comparison. 3) Three outcome parameters were assessed by an independent neurologist with a long follow-up. A weakness of our study is the exactness of outcome measurement. The patients' pain levels were not systematically scored before and after surgery, for instance, on a visual analog or numeric rating scale. Following decompression, however, the vast majority of patients became completely pain free, which was in clear contrast to the preoperative burden. Additionally, quantitative examination of sensation in the LFCN area before and after surgery was not performed, e.g., with Semmes-Weinstein monofilaments. Although sensation recovery was self-reported, it is likely to be accurate and occurred in more than two-thirds of the cases.
Conclusions
LFCN decompression intuitively seems to be a straightforward procedure, but it has not been described in great detail. Like in many surgical procedures, the devil is in the detail. In all other techniques described so far, the LFCN is decompressed in a fixed supine position with the thigh neutral. We observed that bands in the dorsal plane tighten during extension, which causes compression of the LFCN at various locations. This tightening is missed if not tested dynamically. Dynamic decompression of the LFCN is an effective technique to treat iMP. Most patients become completely pain free and sensation recovers considerably.
